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Materials and Methods 
Synthesis of witherite-silica biomorphs. The general protocol to precipitate barium 
carbonate biomorphs using silica rich solutions or silica gels have been described elsewhere 
(1-3). Carbonate precipitation occurs by reaction of the Ba2+ ions with the carbonate groups 
derived from dissolved atmospheric CO2 both in the silicate gel and in the BaCl2 solution.  
Biomorphs were grown from silica gels by pouring a solution of BaCl2 on top of a 
silica gel that has been obtained by acidification of a sodium metasilicate solution to a pH 
around 10,5. Suitable silicate gels were prepared from stock dilutions of commercial 
sodium metasilicate (waterglass) from Sigma-Aldrich, typically containing 12-13% of Si 
and 13-14% of NaOH, made with Millipore water 1:10 in volume. Gelling occurred on 
addition of HCl 1M (commercial reagent from Sigma-Aldrich) in a proportion found to 
yield gels of a final pH around 10.5, namely adding 3.25 ml of HCl to 10 ml of the stock of 
diluted waterglass. This mixture took 2-3 hours to form a gel, so it could be manipulated to 
fill a variety of vessels. In our case we used microscope slides separated by a rubber frame-
like spacer of 2 mm and sealed with grease. These cassettes were filled with the silica 
solution up to the half of their volume and then allowed to stand for 4 days to ensure the 
completion of the gelation process. Then the remaining volume of the cassette is filled with 
BaCl2 0.5 M. Stocks of this solution were made with commercial BaCl2·2H2O from Sigma-
Aldrich and Millipore water. The use of these cassettes allowed for a very easy optical 
inspection of the aggregates since they have parallel glass walls, and the thickness of the 
gel layer was not large enough to strongly scatter visible light, allowing us to focus the 
microscope on any crystal aggregate within the gel layer or grown onto the inner surface of 
the glass. A few minutes after the addition of the BaCl2 solution to the gel initial aggregates 
are observed at the interface. The diffusion of the BaCl2 solution across the gel, and the 
counter-diffusion of silica and carbonate ions cause the system to access a broad and 
changing suite of chemicals conditions. As a result, a pattern of geometries evolving in 
space as well as in time forms across the gel. The evolution of this pattern is followed with 
an optical microscope until a promising/interesting growing aggregate is found. 
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Precipitation in solution was achieved by mixing equal volumes of diluted barium 
chloride and silica solutions allowing the mixture to stand open to the atmosphere. Typical 
concentrations used were 10 mM BaCl2 and commercial sodium metasilicate (from Sigma, 
typically 27% in SiO2) diluted with water 1:350 in volume to a final concentration of 1072 
ppm of SiO2. Effective concentrations in the mixture were, therefore, 5 mM in BaCl2 and 
536 ppm in SiO2. The initial pH is adjusted after mixing using sodium hydroxide 0.1 M to a 
value between 11 and 11.3. Typically, the wells of Linbro plates can be used to precipitate 
biomorphs mixing 1 ml of the component solutions. Other, larger, recipients like Petri 
dishes can be used. To avoid contamination with dust or particles, the recipients are loosely 
covered so that CO2 dilution from the atmosphere is possible. After 2-4 hours aggregates 
can be easily observed at the air-liquid interface and after typically 8 hours also aggregates 
form at the bottom of the reservoir. 
Time-lapse optical microscopy recording of biomorph growth. The growth of 
biomorphs was recorded using an optical microscope (Leica MZ12 and Nikon AZ100) long 
working distance objectives and an attached CCD camera. The growth of the biomorphs is 
recorded with a time lapse of one second or one minute depending on the growth speed. 
The frames are later coded into movies at an accelerated frame rate.  
Electron microscopy characterization. The scanning electron microscopy (SEM) 
photographs were taken on aggregates grown in gel as well as in solution. The former were 
harvested from the cassettes after opening them. The crystalline aggregates were collected 
using a very thin paintbrush. Removal of the silica matrix was achieved using microtools 
and by washing repeatedly with water and diluted NaOH. Crystalline aggregates from 
solution are usually smaller than those grown in gels but easier to retrieve since they only 
need to be fished from the solution. After the retrieval of either gel- or solution-grown 
aggregates they were stuck onto carbon adhesive films placed on aluminium SEM stubs. 
They were subsequently rinsed again with water and ethanol to avoid artefacts from 
remnants of the mother solution and allowed to dry. Finally, they were coated with carbon 
to obtain high-resolution SEM photographs. The instrument used was a field emission 
scanning electron microscope LEO (Carl Zeiss) GEMINI-1530. 
Image analysis and growth rate measurements. The analysis, growth rate 
measurements, and editing of the movies were made with the freely distributed ImageJ 
software (4). The growth rates were measured by the following method: the frames in a 
movie were calibrated using the first frame containing a scale bar (20 um minimum 
division). ImageJ allows editing the movie so that lines of known length can be drawn on a 
frame and they remain there for all frames in the movie. Then, to determine the growth rate 
of the growing front of a given crystal aggregate, a segment of a known length was drawn 
starting from the front of the aggregate. Then the number of frames needed for the growing 
front to reach the other end of the segment was counted. Since the time interval between 
frames is known this allows the measurement of growth rate. Both, straight and curved 
segments were used. 
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Movie Legends 
Movie S1. Effect of the curling. This video records the growth of a lamina in which 
the formation and consequences of the curls are easily observed. Note how the aggregate is 
growing with an arc disk shape and how several curls develop at its rim at certain time 
instants. The curls induce the cessation of the radial growth as they progress along the 
contour of the aggregate. Each of the curls develops a right- and left- propagating growth 
front along the rim. It can be observed how counter-propagating curls shape the aggregate 
forming the characteristic leaf morphology. In this case, on meeting the counter 
propagating curls continue to grow forming disordered filaments. Note that mutual sealing 
forming a cusp, or sprouting of helicoidal morphologies, are also possible as described in 
the text, and as observed in Movies S7 and S8. 
Movie S2. This video shows the growth of a helicoid with decreasing diameter. 
Growth rate measurements of the central region and of the two curls were made for the last 
two lobular region of the helicoid in the video. Vρ is 0.26(3) μm/min in the first region and 
0.28(3) in the second one. The upper curl in the second-to-last lobule (lower one in the last) 
propagates with speeds of 0.35(3) μm/min and 0.40(3) μm/min  respectively. The lower 
curl in the second-to-last lobule (upper one in the last) propagates with speeds of 0.28(3) 
μm/min  and 0.31(3) μm/min . 
Movie S3. Formation of worm-like morphologies. In the right-hand part of the video 
a growing lamina with two curls counter-propagating along its rim is shown. The lower curl 
has a larger height (larger H parameter described in Figure 2) than the upper one and, when 
they meet, the lower one overwhelms the upper one and it starts coiling upon itself, giving a 
worm-like structure that grows beyond the focal plane of the microscope.  
Movie S4 and S5. These two videos show worm-like aggregates growing into the 
focal plane. Note how the morphology is induced entirely by a lamina coiling upon itself, 
free from symmetry related constraints, so it is even able to grow backwards, sliding over 
the previously grown aggregate. This is the reason for the “bandaged” aspect usually 
observed for worm-like aggregates. 
Movie S6. Splitting of a growing witherite crystal. This video shows a witherite 
crystal growing in presence of silica. The crystal splits giving rise to branches that grow 
further at non-crystallographical angles. The video also shows a second iteration of the 
splitting process. Further iteration will give rise to cauliflower and sheaf-of-wheat 
structures as described in the text. 
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Movie S7. Development of the leaf-like morphology. This video shows a leaf-like 
aggregate growing flat on the glass wall. The two opposite-handed curls advancing along 
its rim hinder the radial growth of the lamina. In this case the curls have a similar height H 
and after meeting they terminate in a cusp, giving a leaf-like form. This behaviour can be 
compared with that of curls shown in Movies S1 and S3.  
Movie S8. Development of a helicoid. This video shows the first twisting of the 
lamina after interaction of the two counter-propagating curls. Note that the curls have the 
same handedness and therefore they are at different focus. Before overlapping the two curls 
propagates at constant rate (upper curl 0.56(3) μm/min; lower curl 0.46(3) μm/min) as well 
as the uncurled lamina (0.31(3) μm/min). After overlap, the velocities are 0.52(3) μm/min 
and 0.47(3) μm/min for the curls and 0.32(3) μm/min for the uncurled lamina. This 
demonstrates that the twist does not necessarily affect the growth rates.  
Movie S9. This video is an example of the morphogenetical power of the mechanism 
described in this work. Notice how different morphologies develop on distinct parts of the 
aggregate: worms, leaves and disordered globular structures, with a total independence of 
each other. Closer inspection reveals that the laminae are accreting over previously grown 
material, allowing the conglomerate “to grow”. A rich panoply of morphologies is possible 
via accretion of successive layers and curling.  
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